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SIEMIATYCKI J, WACHOLDER S, RICHARDSON L, DEWAR R, GERIN M. Discovering carcino.
gens in the occupational environment: Methods of data collection and analysis of a large case-referens
monitoring system. Scand J Work Environ Health 13 (1987) 486—492. A multi-cancer site, multi-factor,
case-referent study was undertaken to generatc hypotheses about possible occupational carcinogens. Abou
20 types of cancer were included. Incident cases among men aged 35—-70 years and diagnosed in any of
the major Montreal hospitals were eligible. Probing interviews were carried out for 3 726 eligible cases.
The interview was designed to obtain detailed lifetime job histories and information on potential con-
founders. Each job history was reviewed by a team of chemists who translated it into a history of ocey.
pational exposures. These occupational exposures were then analyzed as potential risk factors in relation
to the sites of cancer included. For each sitc of cancer analyzed, referents were selected {rom among (ke
other sites in the study. The analysis was carried out in stages. First a Mantel-Haenszel analysis wag
undertaken of all cancer-substance associations, stratifying on a limited number of covariates, and, then,
for thosc associations which were noteworthy in the initial analysis, a logistic regression analysis was madg
taking into account all potential confounders. This report describes the fieldwork and analytical methods.
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Of the thousands of substances to which workers are
exposed in the workplace, only a handful have ever
been assessed in epidemiologic studies for carcinogenic
potential (18). It is reasonable to suspect that many
occupational carcinogens have not yet been discovered.
Thus it is important to institute systematic monitoring
procedures to generate data on possible cancer-expo-
sure associations. We previously outlined an approach
consisting of a population-based case-referent study
covering many sites of cancer (13, 15). The data collec-
tion involves obtaining detailed lifetime job histories
from subjects and translating each job history into a
history of occupational exposures. This last step is
accomplished by a team of chemists and hygienists who
consider the details and idiosyncracies of each job de-
scription and assign exposures in accordance with all
available information about each unique situation. The
occupational exposures thus inferred become factors
for analysis in relation to cancer.
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Many sites of cancer have been included in the
For each patient, information has been obtained
cerning past exposure to about 300 substances
overall purpose is to analyze the association be
each type of cancer and each substance, as well
examine associations between cancer types an
and industries.

Because of the broad scope of the project a
findings, it has been necessary to analyze, con
and present subsets of results separately. In fa
have adopted a strategy of subdividing the subst
on our checklist into small groups which have
common chemical and/or physical and/or use p
characteristics and focusing the analyses on eac
group one at a time. The first was an analysis-0
organic dusts (16), the second an analysis of 12}
leum-derived liquids (14), and so on. Because ¢
complexity of the data collection and analysis
project, we feel it would be useful to present
the methods used to collect and analyze the d
some general principles of the interpretation
results. This report will thus be referenced in
of substantive articles which will follow.

Cases

About 20 sites of cancer were selected for stu
target population consisted of men aged 35—
and resident in the area of Montreal (popula
million). The cases were ascertained via 19 ma
pitals in the area. These hospitals collectively

Material may be protected by copyright law (Title 17, U.S. Code)



the Quebec Tumor Registry over 97 % of all tumor
iagnoses from the Montreal area. Because of the
ational health insurance system which provides free
edical care, the lack of any major ‘‘competing®’
calth care facilities within several hundred kilometers,
nd the excellent reputation of local medical facilities,
¢ doubt if more than a small fraction of truly eligi-
fe cases would be diagnosed outside of the hospitals
our ascertainment system. Diagnoses had to be his-
logically confirmed for a case to be eligible.

.The cases eligible for this study were first diagnosed
September 1979 — June 1985, However, because of
mited interviewer resources, we did not ascertain all
tes of cancer without interruption during this period.
ach summer, there was a two- to four-month period
uring which incident cases were not entered into the
udy, so as to allow the interviewers time to complete
¢ previous year’s backlog. Furthermore, lung can-
r was excluded in the second, third, and sixth years.
ectal cancer was cxcluded in the first and second year.
rostate cancer was excluded for part of the fourth
car and all of the fifth year.

Active regular contact with hospital pathology de-
artments provided rapid case notification. Altogether,
576 eligible cases were ascertained. An interviewer
sited the patient in the hospital or at home, as
quired. Approximately half the patients were still in
¢ hospital when first contacted by the interviewer,
nd the rest had been discharged or were diagnosed
out-patients. Completed interviews or questionnaires
ere obtained for 3 726 subjects (81.4 %). Reasons
r nonresponsc were patient refusal (8.0 %); patient
gath, no next-of-kin found (5.9 %); patient dis-
arged, no valid address available (3.6 %); psychi-
ric case or unable to speak French, English, or Ital-
n (0.9 %); physician refusal (0.1 %). Table 1 shows
¢ numbers of eligible cases for each site which had
ver 40 incident eligible cases, and it shows the num-

as carried out, and the response rate.®

bers ol patients successfully interviewed. Among the
various types of cancer, the response rates varied from
64 to 91 %, most being between 80 and 84 %. To as-
sess the likelihood of nonresponse bias, we examined
the similarity between respondents and nonrespondents
with respect to several variables which were available
from the medical records. The differences were small
(11). Eighty-one percent of the completions were ob-
tained from the subjects themselves. The rest were ob-
tained from the next-of-kin of deceased subjects, usual-
ly spouses. Face-to-face interview was the strategy of
choice, and 82 % of the completions were obtained
this way. However, telephone interviews and special- .
ly designed self-administered forms were used for hard-
to-interview subjects, and these media provided 10 and
8 %, respectively, of the completions.

For each cancer patient, the diagnosis, abstracted
from the medical records, was coded by topography
and morphology according to the International Clas-
sification of Diseases (ICD). The cases could be
grouped in many ways. For the most part we used the
three-digit level of the ICD topography axis to define
the case series. There were some exceptions, however,
wherc numbers warranted subdivision.

We analyzed each of the three topographic sub-
categories of colorectal cancer as case series, ie, colon
(excluding sigmoid}), sigmoid colon plus rectosigmoid
junction, and rectum. We also analyzed each of four
histological subcategories of lung cancer as case series,
ie, oat-cell carcinoma, squamous-cell carcinoma,
adenocarcinoma, other histological types (including
unspecified morphology). The 78 cases which were
diagnosed with primary tumors at two different sites
during the period of our study have been included in
both relevant case serics.

We thus collected data on 3 726 cancer patients dis-
tributed among many sites of cancer,

bie 1. Sites with over 40 eligible cases of cancer, the numbers ascertained, the numbers of cases for which an interview

on-Hodgkin's lymphoma (200, 202) 49

Number of Number of Number of Response

ancer sites?® months of cases cases rate
ascertainment ascertained interviewed (%)

ophagus (150) 49 136 107 787
omach {151) 49 312 250 80.1
olon (153, except 153.3) 49 435 364 83.9
ectosigmoid (153.3, 154.0)° 49 285 233 81.8
actum (154, except 154.0) 31 215 190 88.4
ver (155} 49 78 50 64.1
ancreas (157) 49 164 117 71.3
ing (162) 26 1069 857 80.2
ostate (185) 35 553 452 81.7
adder (188) 49 576 486 84.4
dney (189) 49 230 181 78.7
glanoma of the skin (172) 49 147 121 82.3
odgkin's lymphoma (201) 49 58 53 .4
244 206 84.4

Includes sigmoid colon and rectosigmoid junction.

in addition to patients with cancers of the sites listed, patients with the following cancers were interviewed: gallbladder,
peritoneum, pleura, testes, penis, myeloma. While these could be used in the pool of referents, there were too few of each
Series to provide reasonable statistical power as case series.

Gode of the International Classification of Diseases in parentheses.
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Referents

Our primary strategy was to compare each case series
with a reference group drawn from among the other
sites. If a substance is not associated with any site or
if it is associated with only one site of cancer, then the
intercancer strategy should, on the average, give ac-
curate estimates of relative risk. However, if a sub-
stance is associated with many sites of cancer, then the
excess risk estimates may be too tow. Although some
carcinogens may act at multiple sites, this possibility
has not been found to be a universal phenomenon (9).
Even if a chemical produces cancer at multiple sites,
it would have to do so to the same degree to slip
through the monitoring system. For example, suppose
a chemical increases the risk of bladder, liver, and
pancreas cancers by factors 3, 3 and 2, respectively,
and does not affect other sites. Then an analysis of
bladder cancer with the use of a variety of sites of can-
cers, including liver and pancreas as referents, would
yield an observed relative risk lower than the real five
but probably high enough to be detected as a health
hazard. Intercancer comparisons provide our prime
strategy of analysis because they are efficient and be-
cause various sources of bias, namely, nonresponse
bias and information bias, are minimized. It is a con-
servative strategy which may attenuate risk estimates,
but not exagerate them. We also interviewed a smail
population reference series and have used that group
as an additional reference group. These data have
however not yet been fully processed and will not be
further considered in the initial series of reports.
For each case series the reference group consisted
of all other cancer patients with the following excep-
tions. Lung cancer cases were excluded from all ref-
erence series. The strength of the association between

Tabie 2. Types of cancer analyzed as case series, sites ex-
cluded from the reference series, and numbers of cases and
referents.

Cancer sites excluded? Number Number

-
Site of the cancer from the reference of of

case series

series cases referents

Esophagus Lung, stomach 107 2514
Stomach Lung, esophagus 250 2514
Colon Lung, other colorectal 364 2081
Rectosigmoid Lung, other colarectal 233 2081
Rectum Lung, other cclorectal 190 1315
Liver Lung 50 2806
Pancreas Lung 17 2741
tung

Qat cell Other lung 159 1523

Squamous cell QOther lung 359 1523

Adenocarcinoma Other lung 162 1523

Other cell types® Other lung 177 1523
Prostate Lung 452 1733
Bladder Lung, kidney 486 2196
Kidney Lung, bladder 181 2196
Melanoma of the skin Lung 121 2737
Hodgkin’s lymphoma Lung, other lymphoma 53 2599
Non-Hodgkin's tymphema  Lung, Hodgkin's 206 2595

a For each case series, all cancer patients interviewed served as refer-
ents with the exceptions listed in this column. Furthermore, for rectum,
lung and prostate, only those subjects interviewed during the same
ascertainment periods as tho three respective site series were used
as referents.

® This is a heterogeneous grouping which includes large cell, spindle
cell, adenosquamous and ‘‘carcinoma, not otherwise specified.”
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lung cancer and cigarette smoking makes »
statistical adjustment difficult; errors in memurem
or in the functional form of the adjustment E«‘H‘Oced
could result in residual confounding. In addition
excluded any other site which was anatomically ¢
tiguous (eg, esophagus for stomach and vice "Ver
from the reference pool for a given site. This exclug
was made because there might be misclassifiegg
around the junction and because, in some instan,
there is a greater likelihood of shared etiologics, §
dition, for the three sites which were not ascery
in certain years-of the study, lung, rectum and progt
the referents consisted of other subjects whe epte
the study in the same years as the corresponding ¢
This practice was initiated to control for any varj
in the quality of the interviews or exposure assess
across the years of the study, despite our effor
insure consistency. Finally, subjects with two prii
cancers who were included in two case serics wer,
allowed to serve as referents for themselves,
Table 2 shows, for each of the sites analvzed ag
series, the sites that served as reference and the
bers of subjects included in the analyses.

Data coliection

The questionnaire had the {ollowing two part
structured section requesting information on-it
tant potential confounders (eg, age and cthaicg
residential history; schooling; home environment
as public water supply, home heating and ¢
facilities; current and childhood socioeconomic
consumption of cigarettes, alcohol, coffee, tea
bies; consumption of foods containing carotene;
and weight) and (ii) a semi-structured probing
designed to obtain a detailed description of ea
the subject had had in his working lifetime. I
terviewers were trained to probe for as much
mation as the patients could supply on the com
activities, the raw materials used by the compa
final product, the machines used, the worker’sp
sibilities for machine maintenance, the type ¢
or building in which the work took place, activ
workmates, presence of gases, fumes or dusts, @
other information which could furnish a clue as
sible chemical or physical exposures incurre
subject. The validity of reported job histories s
sessed and found to be adequate (2).

A team of chemists and hygienists working
had the responsibility of examining each ¢0
questionnaire and translating each job into
potential exposures. They used a checklist w
plicitly listed some 300 of the most common
tional exposures in Montreal. The checklist, a
the coding procedures, have been described
et al (5). For each product thought to be pr
each job environment, the chemists noted tf
fidenice that the exposure actually occurred
probable, definite), the frequency of exposur
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normal workweek (<5, 5—30, >30 %), and the
oncentration of the agent in the environment {low,
edium, high). The designation of low, medium, or
igh for concentration was determined with reference

certain occupations in which the substance occurs.
he score has no meaning on any absolute scale, nor
e the levels comparable between substances. The
ates of the beginning and ending of each job were
ecorded, and thus of the corresponding exposures in
ach job. The jobs themselves and the industries were
oded according to standard Canadian classifications.
The team of chemists relied on the following sources
5 a basis for their retrospective exposure assessment:
heir own industrial experience and chemical knowl-
dge, old and new technical and bibliographic mate-
al describing industrial processes, consultations with
xperts familiar with particular industries, and, of
ourse, previously coded files of the same job category.
he interrater agreement was assessed and found to
e adequate (6). The chemists were unaware of the site
f the patient’s cancer.

efining exposure groups

or each substance the estimation of odds ratios re-
uired the definition of an unexposed group and of
ne or more levels of exposure. In the basic analyses,
unexposed’’ was a substance-specific notion. For in-
ance, in the analysis of gasoline, the ‘‘unexposed”’
ere unexposed to gasoline, but they may have been
xposed to other substances. Since the only intended
ifference between ‘‘exposed’” and ‘‘unexposed’’ was
exposure to gasoline, the results provided specific
vidence concerning risks due to gasoline. If by chance
here were differences between the two groups in the
istribution of exposure to other substances, these
ould, in theory, be adjusted for in the analysis.
In the analyses outlined below, ‘“‘exposed’’ was
ometimes defined as any exposure and sometimes ac-
ording to a more stringent criterion based on degree
nd duration of exposure. For each substance to which
subject was thought to. have been exposed, we had
he following four dimensions of information: (i) con-
ntration of exposure, (ii) frequency of exposure, (iii)
onfidence that the exposure occurred, and (iv) dura-
on. Duration was available in years, while the three
thers dimensions were coded on three-point ordinal
cales. To simplify the analyses, it was useful to create
synthetic index of cumulative exposure based on con-
entration, frequency, confidence, and duration. For
ome analyses, this index of cumulative exposure was
ivided by duration to provide an index of the aver-
ge level of exposure. While the categories of each
imension were simply coded 0, 1, 2 or 3, these ordi-
al values did not represent the relative weightings of
oncentration, frequency, and confidence as the chem-
ts actually used them. It was impossible to be pre-
ise, but we felt that the square of these terms more
ccurately reflected the way they were used. This can

be seen more clearly in the case of the frequéncy scale,
on which the absolute values corresponding to the three
categories (<5, 5---30, > 30 %) are much steeper than
1: 2: 3. Although not as easily quantified as the fre-
quence scale, the difference between concentration
levels of 3 and 1 would also reflect differences in actual
values closer to ninefold than to threefold. Thus, be-
fore the exposure indices were created, the four-point
components were recoded as 0, 1, 4, and 9.

For each substance, /, and each year of the subject’s
career, J, the average level of exposure was defined as

X, = concentration; X frequency; X confidence;.

The cumulative exposure to substance i was defined as

E =L Xy

J being summed over the years of exposure. The aver-
age level of exposure to substance / was defined as:

A; = E/duration,,

where duration signified the number of years of ex-
posure to this substance.

Mantel-Haenszel screening analyses

There was information on scores of nonoccupational
factors and hundreds of occupational exposures. In
the analysis of the association between a given sub-
stance and a given type of cancer, potential con-
founders included the nonoccupational factors and the
occupational exposurcs apart from the one under
study. To reduce the problem to manageable dimen-
sions, we carried out several stages of analysis.

For each set of substances forming the subject of
a report, the first stage was an attempt to screen all
cancer X substance associations to pick up those which
warranted further attention. It is not self-evident
whether it is optimal to base this screening analysis on
a dichotomization of any exposure versus no exposure
or of substantial exposure versus no exposure. It
depends on the numbers exposed at each level and the
shape of the dose-response curve, if there is an asso-
ciation. To improve the chance of detecting true as-
sociations, we carried out the initial screening analy-
ses once with the exposure dichotomy defined as any
exposure versus none and then as substantial exposure
versus none. Substantial exposure was defined on the
basis of the cumulative exposure index E; and was
based on a cut point determined by the median of all
nonzero E; scores.

We selected certain potential confounders as a priori
confounders to be included in every analysis. These
were ethnic group, age, socioeconomic status as mea- -
sured by self-reported income, cigarette smoking, and
the dirtiness of the jobs held. This last variable repre-
sents an attempt to distinguish ‘‘clean’’ work histories
from ‘‘dirty’’ ones, or white-collar from blue-collar
ongs, This procedure was based on an evaluation, by
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our team of chemists, of the dirtiness of the job cor-
responding to each four-digit job category in the Ca-
nadian occupational classification system. Each job
was scored from 0 to 6. Thus, for each year of the sub-
ject’s career, we derived a score associated with the
job title held. The overall dirtiness score was an aver-
age of these annual scores over the subject’s working
lifetime.

The two sets of screening analyses were based on
the procedure of Mantel & Haenszel (8). A priori
covariates were stratified as follows: ethnicity (French,
other), age (35—54 and 55--70 years), socioeconomic
class (two categories defined by the median income),
dirtiness (two categories defined by the median dirt-
iness index), cigarette consumption {(nonsmoker,
0—600 pack-years, > 600 pack-years). A flexible pro-
gram was written for the purpose of computing large
numbers of Mantel-Haenszel estimates in a single
run (4). The confidence intervals were computed with
the variance estimator suggested by Robins et al (12).

Repeat analysis among French Canadians only

The Montreal area is made up of many ethnic groups.
French Canadians account for almost two-thirds of the
population, and most of the rest are derived from other
Furopean nations. The melting pot phenomenon has
been much less imposing in Montreal than in other
parts of North America, and the various groups have
remained relatively distinctive genetic and cultural
entities. In addition different ethnic groups in Mon-
treal have tended to be concentrated in different oc-
cupational/industrial spheres. In the past, French Ca-
nadians were underrepresented in white-collar jobs,
while certain ethnic groups (British, Jewish) were
underrepresented in blue-collar jobs. The opportuni-
ties for confounding and effect modification are ob-
vious, since the different genetic profiles and cultural
habits of the diverse ethnic groups may well have their
own effect, and they may interact with occupational
exposure in determining cancer risk as well. Further-
more, any strategy for the statistical control of con-
founding may fail if unverifiable model assumptions
are incorrect.

Because of the problems and uncertainties in this
regard, we carried out the Mantel-Haenszel analyses
twice, once among all subjects, as already described,
and once among French Canadians only. The analy-
ses for French Canadians had the advantage of elimi-
nating one important source of confounding, and, be-
cause they comprise 60 % of our study subjects, the
loss of statistical precision was not too great. The
analyses for all the subjects had the advantage of
greater numbers and thus greater statistical precision.

Empirical search for confounders

On the basis of the Mantel-Haenszel screening results,
associations with elevated odds ratios were selected for

490

further in-depth investigation. Each associatioy
earmarked underwent an analysis to determipe W

of the hundreds of available variables (botl oce

tional and nonoccupational) might be confounders 4

then an analysis to estimate the odds ratio, (he i

founders being taken into account. The search for cé

founders was based on the empirical principle:

finding those covariates which, when included ag gy
fication variables, changed the estimate of the dises
exposure odds ratio. This approach to selecting

founders is admittedly controversial (3, 7, 10}, Stapg
from the Mantel-Haenszel test which had been

marked in the first stage of screening, we sysiom

cally added one different stratification covariate

time to the five a priori variables already in the m,

and compared the new odds ratio estimate with the

based on the a priori confounders only. If the rwg

ratios differed by more than 10 % (in either direct

the “‘extra’ covariate was earmarked as 2 pota

confounder. Each association thereby gave rise:

variable number of such potential confounders,

lung cancer we also included some confounders gy

basis of prior knowledge, ie, asbestos, chromiuni

.

nickel.

Logistic regression analyses

We investigated three different facets of each se

association. We first estimated the risk associate

any level or duration of exposure to the substan

any versus none). To assess dose-response, wi

estimated the risks associated with various exp
levels and/or durations,
The third facet of each association concern

risks in subgroups which received their exposure

substance in different occupations. For instance,

sessing the gasoline-stomach cancer associatio

estimated the stomach cancer risk among mec

and repairmen exposed to gasoline, among §

station workers exposed to gasoline, and amon

other occupationally defined subgroups of me

posed to gasoline. It is useful to know whether t

parent excess risk for a substance, gasoline i

example, is spread across the occupations in wh

is found or whether it is concentrated in a sing

cupation. If we find an overall excess risk for &

stance and find that the risk is not concentrated i

particular occupation, then either the substanc

causal agent, or the true causal agent is also fou

the same range of occupations but was not in¢

as a confounder. However, if the risk is concent]

in one occupation, then the following interpreta

are possible:

1. The substance is the causal agent and o¢

higher dosages in this occupation than in others, !

chemists properly designated the relative i«:\'C:
frequency of exposure in. different occupation
there would be a trend in our dose-response ana
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f they had erred in the relative levels of exposure given
m different occupations, then there may not even have
en an apparent dose-response effect.

The substance is the causal agent and occurs in a
alitatively and crucially different form in this oc-
upation than in others. The difference may be in the
emical composition, or it may be in the physical cir-
mstances of exposure {eg, temperature, mode of con-
ct, concomittant exposures).

The substance may not be a causal agent at all but
ther a marker for the true causal agent, This pos-
ility is to some extent detectable in comparisons of
the risk estimate for the subset of the occupational
oup which was not exposed to the substance with
that for the subset which was exposed to the substance.
the risks are equal in the two subsets, it is likely that
the risk is due to some characteristic of the occupa-
nal group other than the substance under scrutiny.

For each set of odds ratios and corresponding stan-
rd errors to be estimated (ie, for each facet), a
ogistic regression model was fit with the generalized
car interactive modeling (GLIM) program (1). Case/
erent status was the outcome variable, and the ex-
posure variable was defined differently for each of the
hree facets. Each model included, in addition to the
xposure variable, all other potential variables iden-
ed in the empirical search for potential confounders,
xcept for any other substances too closely related to
exposure under study. For instance, the inclusion
f the substance ‘‘lead compounds” as a confounder
leaded gasoline would constitute overmatching.
The analyses described herein represent the basic
mework through which all associations in our data
et will pass. Those found to be of interest will under-
0 further analysis.

erpretation

ur statistical analysis strategy has the effect of ad-
sting each odds ratio estimate for hundreds of oc-
‘upational and nonoccupational factors. Although the
al logistic regression model may include only a hand-
of factors, the preceding steps of our analysis ef-
ectively rule out the risk of serious confounding due
fo any other of the variables at our disposal. Of course,
here are practical limitations to this ideal. The valid-
l§y of such retrospective exposure coding cannot be per-
gt errors in exposure coding could lead to false
iegative results if the substance under scrutiny were
eriously miscoded or it could lead to false positive
esults if an important confounding factor were seri-
usly miscoded.
n any study, whether one is evaluating one asso-
ation or many, there is a probability of false posi-
ves, that is, of falsely rejecting the null hypothesis
f no association. For any given association, this prob-
lity is the same whether one has investigated only

that association or many others as well. However,
given that we estimate many odds ratios and in fact
estimated each odds ratio under four sets of conditions,
it is certain that some will be significant by chance.
To help tease out the true from false positives, we sub-
ject each “‘significant’’ association to in-depth analy-
ses aimed at (i) eliminating the effects of all con-
founding factors, (ii) establishing whether there is any
“‘dose-response’” relationship, and (iii) establishing
whether the risk seems to be attributable to the sub-
stance or, rather, to an occupation.

We disagree with the claim that evidence from a
“‘hypothesis-generating’’ study is weaker than evidence
from a ‘““hypothesis-testing’” study. For any given as-
sociation the same result would be observed if the study
had been set up to investigate only that association or
others as well (17). Usually studies to test hypotheses
are carried out when there has been previous evidence
indicating an association. A positive finding in the new
research would then be added to the previous evidence,
and the weight of evidence could become convincing.
For many associations in a study such as ours, excess
risk estimates may represent the first evidence of a
putative association and for that reason be less con-
vincing. That is, it is the quality and quantity of evi-
dence on a given association that makes it convincing,
not whether the investigator had one or another hy-
pothesis in mind, nor whether he examined many asso-
ciations simultaneously.
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